Objectives: Uropathogenic Escherichia coli are the most important group of microorganisms responsible for urinary tract infection. A high percentage of uropathogenic E. coli over the world are detected to be ESBLs producers, which is now a problem that limits therapeutic options. The aim of this study is to determine the prevalence of ESBLs E. coli and study the prevalence of different ESBLs genotype patterns among the ESBLs producing isolates.
INTRODUCTION
Antimicrobial resistance in uropathogenic Escherichia coli is of major concern worldwide [1] . β-lactam antibiotics are the most commonly used antibacterial agents, but there are high prevalence of multi drug resistant E. coli in urinary tract infections (UTIs) because of their ability to produce extended spectrum β-lactamases (ESBLs) [2] . ESBLs are enzymes that are capable of hydrolyzing the β-lactam ring of penicillins, cephalosporins, cephamycins, carbapenems (ertapenems) and monobactams [3] . E. coli may acquire other drug resistance traits from surroundings or environmental bacteria and conversely it can spread its resistance genes to potential pathogens in different habitats. In Kurdistan Region, Iraq, little information is available regarding to ESBLs producing uropathogenic E. coli. Therefore, this study was carried out to determine the prevalence of ESBLs E. coli using molecular detection of three b-lactamase genes (TEM, SHV, CTX-M) and study the prevalence of different ESBLs genotype patterns among the ESBLs producing isolates.
METHODS

Antibiotic sensitivity test
One hundred and six uropathogenic E. coli isolates from people referring to Zakho emergency hospital and private laboratories in Zakho city/Kurdistan Region, Iraq [4] were tested toward different antimicrobial drugs (Table 1) . Drugs were supplied by Bioanalyse (Turkey), using disk diffusion assay according to Bauer et al. [5] . The inhibition zones were measured in comparison to the Clinical Laboratory Standards institute CLSI [6] .
Preparation of genomic DNA Chromosomal DNA was purified from E. coli isolates according to the manufacturer's instructions using the Accuvisbio kit (Canada). The concentration and purity of the DNA was determined using NanoDropSpectrophotometer (Thermo scientific, USA). 
RESULTS
Antibiotic susceptibility test
The 106 E. coli isolates from previous study [4] were tested for their antibiotic susceptibility pattern against 14 antibiotics of different β-lactam and cephalosporin groups. Results showed that E. coli isolates were 100% resistant to β-lactam antibiotics Penicillin, Ampicillin and Aztreonam, whereas, all isolates were 100% susceptible to β-lactam antibiotics Imipenem and Meropenem (Table 3) . Only 55 (52%) E. coli isolates were resistant for all four cephalosporin generations Cefazolin, Cefuroxime, Ceftazidime, Cefotaxime, Ceftriaxone and Cefepime. These results indicate that these isolates are ESBLs producers. Antibiotics containing β-lactamase inhibitors showed variable susceptibility rates.
Molecular detection of ESBL genes
All ESBL-producing E. coli isolates were subjected to PCR to detect ESBL genes, including blaTEM, blaSHV, blaCTX-M. Amplified PCR-products for blaTEM gene using the TEM-F and TEM-R primers gave an expected band of 1100 bp and the molecular weight of the amplified PCR-products for the gene blaSHV was about 868 bp using SHV-F and SHV-R primers. The amplified PCR-products for the gene blaCTX-M gave a molecular weight about 550 bp using CTX-M-F and CTX-M-R primers. 
The prevalence of the three different ESBL genes
This study showed that CTX-M gene was the most dominant type (48/55; 87.2%) while TEM and SHV genes were less dominant types (30/55; 54.5% and 12/55; 21.8%, respectively).
Genotype patterns of ESBLs
Analysis of the PCR amplified products of all 55 E. coli ESBLs producers using the specific primers revealed that six genotype patterns were obtained (Table 4) . These results also showed that the most prevalent genotype was CTX-M (40%) followed by the genotype combination TEM+CTX-M (30.9%).
DISCUSSION
55 (52%) E. coli isolates were identified as ESBLs producers. E. coli and other genera of gram negative bacteria possess a naturally occurring, chromosomally mediated β-lactamase and plasmid mediated β-lactamase [8] . The antibiotic misuse, ineffective empiric antibiotic therapy, poor dosing, prolonged antibiotic treatment and spontaneous use of these antibiotics in developing countries are the reason for the development of high resistance rates in bacterial isolates [9] [10] [11] [12] .
Antibiotics containing β-lactamase inhibitors showed variable susceptibility rates. The efficacy of β-lactam-β-lactamase inhibitor combinations may be reduced for organisms producing multiple ESBLs. The addition of clavulanate significantly expands amoxicillin's spectrum to include penicillinase-producing E. coli [13] .
PCR-products for blaTEM, blaSHV and blaC-TX-M yielded expected bands of 1100 bp, 868 bp and 550 bp respectively. Amplified products of similar molecular weight were obtained in different locally and worldwide studies using the same primers [14] . Studies performed in Iraq, Turkey and Iran to detect ESBLs genes using different primer sequences gave amplified products with different molecular weights [15] . The variation in the molecular weights of the amplified products could be attributed to the difference in primer sequences or the type of the gene that detect as currently there are more than 70 SHV and 150 TEM types are recognized [16] . CTX-M are divided into five subgroups having more than 80 enzymes. This variety could provide a useful way to follow the spread of individual resistance genes.
Interestingly, 87.2% of ESBLs producer E. coli harbored the CTX-M gene. TEM and SHV found in 54.5% and 21.8% of isolates respectively. This is consistent with the present situation in worldwide including Middle East area, where CTX-M-type have replaced TEM and SHV types and became the predominant ESBL among Enterobacteriaceae [17] .
Studies in Iraq and neighboring countries have declared that the CTX-M type was the predominant gene type in both E. coli and Klebsiella pneumonia [18] . However, studies from Turkey and India showed that TEM type was the predominant type [19] . European studies on Enterobacteriaceae have confirmed the persistence of strains producing TEM and SHV and the increasing prevalence of strains harboring CTX-M [20] . Data analysis revealed that there are six genotype patterns of ESBLs exist among the 55 isolates. CTX-M was the most prevalent genotype (40%) followed by the genotype combination TEM+CTX-M (30.9%). This genotype combination has also been reported to be the most dominant genotype in Saudi, India and Japan [21, 22] . Another study in Macedonia showed the predominance of the genotype TEM+SHV combination [23] . The presence of more than one genotype in some of the isolates means that the ESBL producing strains may be related to a complex antimicrobial resistance. TEM gene is a broad spectrum β-lactamase that is always combined with CTX-M on the same plasmid. The occurrence of TEM+SHV+CTX-M combination along can cause resistance to carbapenems; this is worrisome and more serious for the community [24] .
In conclusion, in this study, 52% of the uropathogenic E. coli isolated was detected as ESBLs producers. All isolates were confirmed by PCR to have one or more ESBL gene. CTX-M type was the dominant ESBL in the isolated E. coli. The majority of the isolates harbored more than one ESBL gene and the genotype TEM+CTX-M combination was the most dominant one. It is important to highlight that antimicrobial resistance must be viewed as an ecological problem and increase efforts to monitor and control the spread of antimicrobial resistant strains in hospitals and community. The introduction of molecular diagnosis in laboratories is important for the quick detection of ESBLS.
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